In this study, we investigate the potential of the process pp → pγ * p → pτν τ q ′ X at the LHC to examine the anomalous electromagnetic moments of the tau lepton. We obtain 95% confidence level bounds on the anomalous coupling parameters with various values of the integrated luminosity and center-of-mass energy. The improved bounds have been obtained on the anomalous coupling parameters of electric and magnetic moments of the tau lepton a τ and |d τ | compared to the current experimental sensitivity bounds. The γp mode of photon reactions at the LHC have shown that it has great potential for the electromagnetic dipole moments studies of the tau
I. INTRODUCTION
The results obtained in the experimental studies of the anomalous magnetic moments of leptons contain both the estimated values and the new physics contributions, which can not be predicted by the Standard Model (SM). The tau lepton is more advantageous than other leptons in determination of new physics effects since the tau lepton has a larger mass. In many new physics theories, new contributions arising from the anomalous magnetic moment for a lepton with mass m are proportional to m 2 . For this reason, since the mass of the tau lepton is much heavier than other leptons, providing anomalous magnetic moment of the the tau lepton to be more sensitive to electroweak and new physics loop contributions.
Additionaly, the tau lepton has a much shorter life time than other leptons, so it is extremely difficult to measure the magnetic moment of the tau lepton by using spin precession experiments. Instead of spin precession experiments, high energy accelerator experiments have been done which include pair production of tau leptons. However, in these experimental studies, a τ can not be measured directly, since ττ γ contains off-shell photon or tau leptons Given these conditions, it can be said that the use of accelerator is more suitable to examine the anomalous magnetic moments of the tau lepton.
The SM theoretical prediction of the anomalous magnetic moment of the tau lepton can be found by summing of all following additives [4] [5] [6] [7] :
.
Hence, the SM value is obtained as a SM τ = 0.00117721. Since this value is far from the experimental sensitivity bounds, which is an order of magnitude below leading QED calculations, more precise experimental measurements should be made.
Another interaction between the tau lepton and photon is CP violating interaction which is induced by the electric dipole moment |d τ |. The SM does not have sufficient information about origin of this interaction [8] . Since CP violating dipole moment highly suppressed in the SM (induces with three loop level [9]), any measurement at colliders of the electric dipole moment of the tau lepton gives hints about the new physics beyond the SM. The CP violation may come from new physics theories in lepton sector such as leptoquark [10, 11] , SUSY [12] , left-right symmetric [13, 14] and Higgs models [15] [16] [17] [18] .
The value of the electric dipole moment of the tau lepton in the SM is obtained as
−34 e cm [19] . In addition, the most restrictive experimental sensitivity bounds for |d τ | have been obtained as follows [20] ,
These results have been measured through the process e + e − → γ → τ + τ − by BELLE collaboration [20] . Since the value of Q 2 in this process is very large (100 GeV 2 ), the obtained bounds are given in two parts, as real and virtual.
Feynman diagrams of the process pp → pγ * p → pτν τ q ′ X are shown in Fig.1 The most general anomalous vertex function describing ττ γ interaction for two on-shell tau and a photon with photon momenta q and mass of the tau lepton m τ can be given in the following form [21, 22] ,
where
are the electric charge, the magnetic dipole and electric dipole form factors of the tau lepton, respectively. As known, electromagnetic form factors are given as F 1 = 1, F 2 = F 3 = 0 in the SM. Usually, form factors are not physical quantities due to the fact that they can contain infrared divergences [23, 24] . However, when taking into account the limiting case of Q 2 → 0, the form factors become measurable and called dipole moments. These are described through the static properties of the fermions [25] ,
The kinematical situation (all particles on-shell) relevant to the static dipole moments (5) can not be realised for the tau lepton at a collider experiment as the mentioned above. To study the signature of the dipole couplings and to compute sensitivity bounds one adopts in a model independent way by means of the effective Lagrangian method. In this study, we will use dimension-six operators specified in Ref. [26] for the the electromagnetic moments of the tau lepton. Only two of these operators used in Ref. [26] directly contribute to the electromagnetic dipol moments of the tau lepton at tree level:
where ϕ and ℓ τ are the Higgs and the left-handed SU(2) doublets, σ I are the Pauli matrices and W I µν and B µν are the gauge field strength tensors. Thus, the effective Lagrangian is parameterized as follows,
After the electroweak symmetry breaking, contributions to the anomalous magnetic and electric dipole moments of the tau lepton are given by
where υ = 246 GeV and sin θ W is the weak mixing angle. The CP even parameter κ and CP odd parameterκ are related to the anomalous dipole moments of the tau lepton via the following relations:
Proton-proton collisions at the LHC reach very high luminosity and center-of-mass energy.
On the other hand, these collisions have not very clean environment due to the remnants of both proton beams after the collision. The resulting jets from these remnants generate certain uncertainties and make it difficult to realize the signals which may originate from the new physics beyond the SM. On the other hand, photon emitting protons in photon-induced processes, that is to say γ * γ * and γ * p, survive intact without decompose into partons. For this reason, the cleanest channel between γ * γ * , γ * p and pp processes is γ * γ * . In γ * p process, only one of the incoming protons decomposes into partons but other proton survives intact.
As a result, since photon-induced processes have better known initial conditions and much simpler final states, they can compensate the advantages of pp process. γ * γ * process is generally electromagnetic in nature and this process has less backgrounds with respect to γ * p process. However, γ * p process can reach much higher energy and effective luminosity compared to γ * γ * process. This situation may be important for new physics because of the high energy dependence of the cross section including anomalous couplings.
Thus, γ * p process is expected to have a high sensitivity to the anomalous couplings since it has a higher energy reach than γ * γ * process.
Photons emitted from one of the proton beams in γ * γ * and γ * p processes can be identified in the framework of the Weizsacker-Williams Approximation (WWA) [27] [28] [29] . Virtuality of the almost-real photons in the WWA is very low (Q These equipments can detect intact scattered protons with a very large pseudorapidity.
They are planned to be placed 220 to 440 meters away from the central detectors in order to detect intact protons in the interval ξ min < ξ < ξ max . This interval is known as the acceptance of the forward detectors [30, 31] . The new detectors can detect intact scattered protons with 9.5 < η < 13 in a continuous range of ξ where ξ is the proton momentum fraction loss described by ξ = (| p| − | p ′ |)/| p|; p and p ′ are the momentum of incoming proton and the momentum of intact proton, respectively. Thus, the energy of the photons that are interacting can be determined. The relation between the transverse momentum and pseudorapidity of intact proton is as follows,
where m p is the mass of proton and E p is the energy of proton. Photon-induced processes were investigated experimentally through the processes pp → pγ [37] [38] [39] [40] [41] . However, new physics researches beyond the SM through γ * γ * and γ * p processes at the LHC have been analyzed in the literature . There are also a lot of phenomenological studies about the anomalous magnetic moments of the tau lepton [73] [74] [75] [76] [77] [78] [79] [80] .
Our main motivation in this study is to determine the sensitivity bounds on the electromagnetic moments of the tau lepton at the LHC through the process pp → pγ * p → pτν τ q ′ X.
We consider that this process is much more important in the measurement of electromagnetic moment of the tau lepton since photon-induced processes have better known initial conditions and have clean final states.
In this work, we have investigated anomalous electromagnetic dipole moments of the tau lepton via the process pp → pγ * p → pτν τ q ′ X. In calculations, we have taken into 
All calculations have performed using the tree level event generator CalcHEP [81] by adding the new vertex functions. In addition, we have used CTEQ6L1 [82] for the parton distribution functions and the WWA embedded in CalcHEP for the photon spectra. In the numerical calculations, we have taken the input parameters as M p = 0.938 GeV, M W = 80.38 GeV, M τ = 1.777 GeV. The cross sections as a polynomial in powers of κ andκ for the two modes √ s = 14, 33 TeV can be given by
where σ i (σ ′ i ) i = 1, 2 is the anomalous contribution, while σ 0 is the contribution of the SM.
This provides more precise and convenient information for each process. The BSM cross section must be proportional to κ 2 +κ 2 . For this reason, the κ 2 andκ 2 dependence of the BSM cross section can not be distinguished. Hence the coefficients σ 2 and σ ′ 2 should be the same [83] . Numerical computations of the total cross sections versus κ andκ at √ s = 14, 33
TeV are given in Table I .
In sensitivity analysis, we take into account χ 2 method,
where σ(κ,κ) is the total cross section which includes the SM and new physics, δ =
is the statistical error and δ sys is the systematic error. In for coverage probability in the large data sample limit for one and two free parameters.
Systematic errors are also taken into account in this work. One of the reasons for these errors comes from the identification of the tau lepton in the experiments. As known, there are many decay channels of the tau lepton. The tau lepton decays have more than one particle in the final state. For this reason, this is called tau jets. These decay channels, called one prong and three prong, are divided into two according to the number of charged particles in the final state. These final states include QCD or hadronic backgrounds. The determination of these situations is much more difficult than in the leptonic final states. In other words, it is difficult to identify the tau lepton. Due to these difficulties and complicated background, the tau identification efficiencies are always determined for specific process, luminosity, and kinematic parameters. However, the hadronic decay of the tau jets can be distinguished from other hadronic decays due to their different final state topology. Tau identifications have been studied at the LHC [85] [86] [87] and International Linear Detector (ILD) [88] . As mentioned above, these calculations are made for specific processes. Hence, the general values of the kinematic parameters of the detectors have been taken so that the tau lepton can be identified.
Other reasons for these errors are the experimental errors. However, a systematic error for the processes studied in this article has not yet been studied in the LHC. But, the processes pp → ppµ + µ − for the √ s = 13 TeV have been examined at the LHC [41] . In this article, systematic error has been found around 3%. In addition, a systematic error in a phenomenological study was taken as 2% via the process pp → pγ
The systematic uncertainty that arises on the signal is 4.8% in this article by summing quadratically all uncorrelated contributions. Experiments in which DELPHI collaboration have performed on anomalous magnetic and electric dipole moments of the tau lepton have also been based on systematic errors through the process e + e − → e + e − τ + τ − [3] . The systematic errors obtained in these experiments for center-of-mass energies between 183 and 208 GeV energies are given in the Table II. In the LEP experiment with the L3 detector, the total systematic error was obtained 7% and 9% at center-of-mass energies 161 GeV √ s 209 GeV through the process e + e − → e + e − τ + τ − .
Finally, such error can result from theoretical uncertainties. These errors come from QED, electroweak and hadronic loop contributions are extremely small (δ theoretical = 5.10 −8 ) [22, [90] [91] [92] [93] . In the light of these discussions, three different systematic error values have been taken into account in our calculations (δ sys = 3%, 5%, 7%). The limits obtained by this work are given in Tables III-IV with these systematic errors.
III. CONCLUSIONS
The photon induced reactions at the LHC provide us new opportunities to investigate high energy and high luminosity γ * γ * and γ * p interactions at higher energy than that at any existing collider. These interactions yield fewer backgrounds than pp deep inelastic scattering. With this clean environment, any discrepant signal with the prospect of the SM would be a conclusive clue for new physics beyond the SM.
In this paper, we have searched the tau lepton anomalous dipole moments in a model independent way through the process pp → pγ
at the LHC. As can be seen from Fig.2 and Fig.3 , the total cross sections of the examined processes increase when the center-of-mass enegy increases. The anomalous magnetic dipole moment is asymmetric, and electric dipole moment is symmetric in the cross sections. This situation can be seen from Eq.14. In Figs However, our bounds on the anomalous magnetic dipole moments are better than the current experimental bounds for systematic uncertainty is 0% and in the same order of magnitude for 7%. Therewithal, our best results are close to other studies in the literature [50, 51] . For the anomalous electric dipole moment, the best bounds are the same order of magnitude with the experimental bounds.
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